Abstract. We present Hubble Space Telescope/ WFPC2 
images of eighteen galaxies situated in the vicinity of 
the Local Group (LG) as part of an ongoing snap- 
shot survey of nearby galaxies. Their distances de- 
rived from the magnitude of the tip of the red giant 
branch are 1.92±0.10 Mpc (ESO 294-010), 3.06±0.37 
(NGC 404), 3.15±0.32 (UGCA 105), 1.36±0.07 (Sex B), 
1.33±0.08 (NGC 3109), 2.64±0.21 (UGC 6817), 2.86±0.14 
(KDG 90), 2.27±0.19 (IC 3104), 2.54±0.17 (UGC 7577), 
i\ ■ 2.56±0.15 (UGC 8508), 3.01±0.29 (UGC 8651), 2.61±0.16 
g (KKH 86), 2.79±0.26 (UGC 9240), 1.11±0.07 (SagDIG), 
O 1 0.94±0.04 (DDO 210), 2.07±0.18 (IC 5152), 2.23±0.15 
(N ■ (UGCA 438), and 2.45±0.13 (KKH 98). Based on the 
$_i ' velocity-distance data for 36 nearest galaxies around the 
Oh, LG, we find the radius of the zero-velocity surface of the 
<T^ ; LG to be R = (0.94±0.10) Mpc, which yields a total 
q ! mass M LG = (1.3±0.3) • 1O 12 M . The galaxy distribution 
(*C) ' around the LG reveals a Local Minivoid which does not 
, contain any galaxy brighter than My — — 10 mag within a 
volume of ~ 100 Mpc 3 . The local Hubble flow seems to be 
very cold, having a one-dimensional mean random motion 
^ ' of ~ 30 km s _1 . The best-fit value of the local Hubble pa- 
ly^ , rameter is 73±15 km s -1 Mpc -1 . The luminosity function 
■^j" ' for the nearby field galaxies is far less steep than one for 
, members of the nearest groups. 
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1. Introduction 

Until quite recently the behaviour of the Hubble flow 
in the immediate vicinity of the Local Group (LG) re- 
mained practically unknown because of the lack of reli- 
able data on distances to many nearest galaxies. Lynden- 
Bell (1981) and Sandage (1986) demonstrated that the 
velocity-distance relation for galaxies around the LG 
should be non-linear due to gravitational deceleration pro- 
duced by the LG mass. Being determined from observa- 
tional data, the effect of deceleration permits calculation 
of the total mass of the LG independently from mass es- 
timates based on virial/orbital motions. In the distance 
range of (1 3) Mpc, where the expected non-linearity of 
the Hubble relation is significant, Sandage (1986) used ve- 
locities and distances of seven galaxies: Leo A (1.58 Mpc), 
IC 5152 (1.58), NGC 3109 (1.58), NGC 300 (1.66), Sex A 
(1.74), Sex B (1.74), and Pegasus (2.51 Mpc) and esti- 
mated the LG mass to be 4 • 10 11 Mq. As became clear 
later, the distances of two of these seven galaxies (Leo 
A and Pegasus) were incorrect by more than a factor of 

2. Based on largely the same observational data, Giraud 
(1986, 1990) obtained a three times higher mass for the 
LG. Karachentsev & Makarov (2001) used accurate dis- 
tance measurements for 20 galaxies in the vicinity of the 
LG and determined the radius of the zero- velocity sphere, 
Ro, which separates the LG from the total cosmological 
expansion. From their data Rq is of 0.96 ± 0.05 Mpc. Ac- 
cording to Lynden-Bcll (1981), this radius corresponds to 
the total LG mass, M LG = (tt 2 /8G) ■ H% ■ R%, where H 
is the local Hubble parameter and G is the gravitational 



* Based on observations made with the NASA/ESA Hub- 
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constant. For H = 70 km s _1 Mpc -1 the radius of 0.96 
Mpc yields a total mass of 1.2 • 10 12 Mq. Karachentsev & 
Makarov (2001) also noted that the dispersion of peculiar 
radial velocities of galaxies around the LG is surprisingly 
small, only ^25 km s _1 . 

Over the last few years, rapid progress has been made 
in accurate distance measurements for nearby galaxies be- 
yond the Local Group. At present, the number of galaxies 
with known distances within (1 4- 3) Mpc, is approaching 
^40. As a result of searching for new nearby objects on the 
POSS-II/ESO-SERC plates (Karachentseva et al. 1998, 
1999; Karachentsev et al. 2001a), a number of low surface 
brightness dwarf galaxies have just recently been found. 
The local galaxy complex candidates included in the pro- 
gram of our snapshot survey with the Hubble Space Tele- 
scope (HST; programs GO-8192, GO-8601, Seitzer et al. 
1999). We have reported the discovery of two very nearby 
dwarf galaxies, KK 3 and KKR 25, situated within 2 Mpc 
(Karachentsev et al. 2000, 2001b). Below we present new 
distance measurements for 18 more nearby galaxies ob- 
served in the snapshot survey. 



2. WFPC2 photometry and data reduction 

The galaxies were imaged with the Wide Field and Plan- 
etary Camera (WFPC2) during 1999 October 15 to 2001 
July 28 as part of our HST snapshot survey of nearby 
galaxy candidates (Seitzer et al. 1999). The objects were 
usually centered on the WF3 chip, but for some bright 
galaxies the WFPC2 position was shifted towards the 
galaxy periphery to decrease the stellar crowding ef- 
fect. 600-second exposures were taken in the F606W and 
F814W filters for each object. Digital Sky Survey images 
(DSS-II, red) of the eighteen galaxies are shown in Figure 
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1 with the HST WFPC2 footprints superimposed. The 
field size of the DSS images is 10' x 10'. 

The photometric reduction was carried out using the 
HSTphot stellar photometry package described by Dol- 
phin (2000a). After removing cosmic rays with the HST- 
phot cleansep routine, simultaneous photometry was per- 
formed on the F606W and F814W frames using multiphot, 
with aperture corrections for an aperture of radius 0'.'5. 
Charge-transfer efficiency (CTE) corrections and calibra- 
tions were then applied, which are based on the Dolphin 
(2000b) formulae, producing VI photometry for all stars 
detected in both images. Because of the relatively small 
field of the Planetary Camera (PC) chip, very few bright 
stars are available for the computation of the aperture cor- 
rection. Thus the PC photometry was omitted in further 
analysis. Additionally, stars with the signal-to-noise ratio 
S/N < 5, | x I > 2.0, or | sharpness | > 0.4 in each expo- 
sure were eliminated from the final photometry list. We 
estimate the uncertainty of the photometric zcropoint to 
be within 0™05 (Dolphin 2000b). 

The WFPC2 images of the galaxies are presented in 
upper panels of Figure 2, where both filters are combined. 
The compass in each field indicates the North and East 
directions. 

3. Color-Magnitude Diagrams and distances 

The middle panels of Figure 2 show / versus (V — I) 
color-magnitude diagrams (CMDs) for the eighteen ob- 
served galaxies. As demonstrated by Lee et al. (1993), 
the tip of the red giant branch (TRGB) is a reliable dis- 
tance indicator that is relatively independent of age and 
metallicity. In the I band the TRGB for low-mass stars 
is found to be stable within ^0.1 mag (Salaris & Cas- 
sisi, 1996; Udalski et al. 2001) for metallicities, [Fe/H], 
encompassing the entire range from -2.1 up to -0.7 rep- 
resented by Galactic globular clusters. According to Da 
Costa & Armandroff (1990), for metal-poor systems the 
TRGB is located at Mj = -4.05 mag. Also, Lee et al. 
(1993) derived the TRGB to be in the range of -4.0 ± 0.1 
mag. Ferrarese et al. (2000) calibrated a zero point of the 
TRGB from galaxies with Cepheid distances, and yielded 
Mi = —4.06 ± 0.07 '(random) ± 0.l3(systematic) mag. A 
new TRGB calibration Mj = -4.04 ± 0.12 mag was de- 
termined by Bellazzini et al.(2001) based on photometry 
and a distance estimate from a detached eclipsing binary 
in the Galactic globular cluster to Centauri. For this paper 
we use the calibration of Mi = —4.05 mag. 

To determine the TRGB location, we obtained a 
Gaussian-smoothed /-band luminosity function for red 
stars with colors V—I within ±0^5 of the mean < V — I > 
for expected red giant branch (RGB) stars. Following 
Sakai et al. (1996), we used a Sobel edge-detection filter. 
The position of the TRGB was identified with the peak 
in the filter response function. The resulting luminosity 
functions and the Sobel-filtered luminosity functions are 



shown in the bottom panels of Figure 2. The results are 
summarized in Table 1. The data listed in its columns are 
as follow: (1) galaxy name; (2) equatorial coordinates cor- 
responding to the galaxy center; (3,4) apparent integrated 
magnitude and angular dimension from the NASA Extra- 
galactic Database (NED); (5) heliocentric radial velocity; 
(6) morphological type in de Vaucoulcurs notation; (7) 
position of the TRGB and its uncertainty derived with 
the Sobel filter; (8) Galactic extinction in the /- band 
(Schlegel et al. 1998); (9) true distance modulus with its 
uncertainty, which takes into account the uncertainty in 
the TRGB detection, as well as uncertainties of the HST 
photometry zero point (<~ 0™05), the aperture corrections 
(~ 0™05), and crowding effects (<~ 0™06) added in quadra- 
ture; the uncertainties in extinction and reddening are 
taken to be 10% of their values from Schlegel et al.(1998); 
(more details on the total budget of internal and external 
systematic errors for the TRGB method see in Mendcz 
et al.(2002)); and (10) linear distance in Mpc and its un- 
certainty. Some individual properties of the galaxies are 
discussed below. 

ESO 294-010 = PGC 01641. The galaxy has a smooth 
regular shape and the integrated color (B — R)t = 1-17 
(Jerjen et al. 1998), typical of dwarf spheroidal (dSph) 
galaxies. These authors also measured the distance to the 
galaxy, 1.71±0.07 Mpc, via fluctuations of surface bright- 
ness and found weak emission in [O in] and Ha with a ra- 
dial velocity of +117±5 km s" 1 . Our CMD (Fig. 2) shows 
the presence of a small number of faint blue stars situated 
in the central and southern parts of the galaxy, which 
confirms the classification of the galaxy as a dwarf system 
of mixed type, like Phoenix, LGS 3, and KK 3. Judging 
by its velocity and distance, ESO 294-010 is a probable 
companion of the spiral galaxy NGC 55. 

NGC 404- This compact lenticular galaxy with dusty 
patches in its central part is partially affected by the halo 
of a bright star. Tonry et al. (2001) determined its dis- 
tance as 3.26±0.15 Mpc based on fluctuations of its sur- 
face brightness. NGC 404 is the nearest representative of 
the rare class of isolated SO galaxies. There are no other 
known galaxies within 1.1 Mpc around it (Karachentsev 
& Makarov 1999). The origin of such an object is unclear. 
This galaxy may represent the final stage of consecutive 
merging of members of a former group of galaxies. 

UGCA 105. This irregular galaxy probably belongs to 
the Maffei/IC342 group situated in a zone of strong Galac- 
tic extinction. Tikhonov et al. (1992) and Karachentsev et 
al. (1997) resolved it into stars and determined its distance 
from the luminosity of the brightest stars to be 3.3 Mpc 
and 3.2 Mpc, respectively. The distance, 3.15±0.32 Mpc, 
that we have derived agrees well with these estimates. 

Sextans B. According to Sakai et al. (1997) the dis- 
tance to this dlrr galaxy found from the luminosity of its 
RGB stars is 1.29±0.07 Mpc. Our estimate of its distance, 
1.36±0.07 Mpc, agrees well with the previous one. 
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NGC 3109. Capaccioli et al. (1992) studied Cepheids in 
this galaxy and derived from them a distance of 1.26±0.10 
Mpc. Our distance estimate from the TRGB, 1.33±0.08 
Mpc, agrees within the uncertainties with the Cephcid 
distance. According to Tully et al. (2002), NGC 3109 to- 
gether with three other dwarf galaxies, Sex A, Sex B, and 
Antlia, form a loose group of "squelched" galaxies in a 
common dark halo. 

UGC 6817 = DDO 99. This dlrr galaxy has been 
resolved into stars for the first time by Georgiev et al. 
(1997), who determined its distance as 3.9±0.8 Mpc via 
the brightest stars. Our distance estimate from the TRGB 
yields a lower distance, 2.64±0.21 Mpc, which corresponds 
to the galaxy location on the front side of the Canes Ve- 
natici cloud. 

K 90 = DDO 113 = UGCA 276. This dwarf galaxy of 
low surface brightness and of regular smooth shape was 
resolved into stars by Makarova et al. (1997). Jerjen et al. 
(2002) determined its integrated color (B — R) = 1.07 mag 
and the central surface brightness Ss(0) = 24.92 ± 0.08 
mag arcsec~ 2 . These authors estimated the galaxy dis- 
tance as 3.1±0.3 Mpc from surface brightness fluctuations, 
which agrees well with our estimate, 2.86±0.14 Mpc, from 
the TRGB. As one can see from its CMD (Fig. 2), K 90 
does not contain a significant number of blue stars, which 
favours this dwarf's classification as a dSph system. How- 
ever, the galaxy shows strong HI emission, which makes us 
regard it as a mixed dSph/dlrr system. Being situated 10' 
away from the bright spiral galaxy NGC 4214, K 90 is a 
probable companion of the galaxy because their velocities 
differ from each other by only 9 km s _1 . Like UGC 6817, 
K 90 is situated on the front side of the CVn cloud. 

IC 3104 = ESO 20-004 = PGC 039573. As far as we 
know this irregular galaxy with a radial velocity of only 
Vlg = 171 km s _1 has now been resolved into stars for 
the first time. The distance, 2.27±0.19 Mpc, derived by 
us is consistent with its low radial velocity. IC 3104 is a 
clear example of how poorly the immediate vicinity of the 
LG has so far been studied. 

UGC 7577 = DDO 125. This dlrr galaxy was resolved 
into stars by Tikhonov & Karachentsev (1998), who es- 
timated its distance to be 4.8±1.0 Mpc via the bright- 
est stars. The TRGB position (Fig. 2) yields a much 
lower distance, 2.54±0.17 Mpc, and allows us to consider 
UGC 7577 to be situated on the front side of the CVn 
cloud. 

UGC 8508 = I Zw 60. Karachentsev et al. (1994) 
resolved this dlrr galaxy into stars and determined a 
distance of 3.7±0.8 Mpc from the brightest stars. The 
TRGB position for UGC 8508 corresponds to a distance 
of 2.56±0.15 Mpc, placing the galaxy in front of the M 
101 group. 

UGC 8651 = DDO 181. The galaxy has a curved bow- 
like shape similar to DDO 165. Its distance, 3.4±0.7 Mpc, 
was estimated by Makarova et al. (1998) via the brightest 
stars. The distance from its TRGB position is 3.01±0.29 



Mpc. Like some above mentioned galaxies, UGC 8651 ap- 
parently belongs to the near side of the CVn cloud. 

KKH 86. This dwarf irregular galaxy of low surface 
brightness was found by Karachentsev et al. (2001a). Sur- 
face photometry of KKH 86 has been carried out by 
Makarova et al. (2002). The low TRGB distance of the 
galaxy, 2.61±0.16 Mpc, agrees with its low velocity, Vlg 
= 205 km s" 1 . 

UGC 9240 = DDO 190. The galaxy was studied in de- 
tail by Aparicio & Tikhonov (2000), who derived a TRGB 
distance of 2.9±0.2 Mpc. Our WFPC2 photometry yields 
almost the same distance, 2.79±0.26 Mpc. The galaxy is 
a probable member of the CVn cloud. 

SagDIG. This dlrr galaxy is situated at a low Galac- 
tic latitude. Stellar photometry of SagDIG was made 
by Karachentsev et al. (1999) and Lee & Kim (2000), 
who found its TRGB distance to be 1.06±0.10 Mpc and 
1.18±0.10 Mpc, respectively. Our determination of the dis- 
tance, 1.04±0.05 Mpc, agrees well with both these esti- 
mates. 

DDO 210 = Aquarius. Detailed stellar photometry of 
the galaxy was carried out by Lee et al. (1999), who 
derived the TRGB distance to be 0.95±0.05 Mpc. The 
WFPC2 photometry yields for DDO 210 the same dis- 
tance, 0.94±0.04 Mpc. 

IC 5152. This bright irregular galaxy contains a 
lot of blue stars and dusty patches. Zijlstra & Minniti 
(1998) detected its TRGB and determined the distance as 
1.70±0.17 Mpc. Our distance estimate is 2.07±0.18 Mpc. 
The lower value from Zijlstra & Minniti may be caused 
by crowding effects, higher for a ground-based telescope, 
which tends to brighten the apparent TRGB position (e.g., 
Stephens et al. 2001). 

UGCA 438 = ESO 407 -018. According to Lee & 
Byun (1999) the TRGB distance of this irregular galaxy is 
2.08±0.12 Mpc. Our WFPC2 photometry gives a slightly 
higher value, 2.23±0.15 Mpc. The galaxy may be a mem- 
ber of the known loose group in Sculptor. 

KKH 98. This galaxy was found by Karachentsev et al. 
(2001a) as a bluish low surface brightness object partially 
resolved into stars. Its distance derived from the TRGB is 
2.45±0.13 Mpc. KKH 98 is a well-isolated galaxy. There 
are no other known objects within 1 Mpc around it. 

4. The very local velocity field 

In addition to the 18 above-mentioned galaxies, there are 
20 more known galaxies which are situated (or may be 
situated) within D ~ 3 Mpc around the LG centroid. 
A summary of these objects is given in Table 2. Two 
galaxies from this list, KK 3, Cetus have no measured 
velocities yet. Another two southern galaxies, ESO 383- 
087 and IC 4662, have no distance estimates, but their 
radial velocities with respect to the LG centroid are less 
than 150 km s _1 . For six more galaxies: SDIG, NGC 55, 
NGC 247, NGC 1569, UGCA 92 and UGC 8638 their 
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distances have been determined with low accuracy. The 
data listed in the tabic columns are as follows: (1) galaxy 
name and cross-identification (lower line); (2) equatorial 
coordinates (B1950.0); (3) integrated apparent magnitude 
(upper line) and Galactic extinction from Schlegcl ct al. 
(1998) (lower line); (4) angular dimension in arcmin (up- 
per line) and morphological type in de Vaucouleurs no- 
tation (lower line); (5) heliocentric radial velocity and its 
standard error in km s _1 ; (6) distance to the galaxy and 
its standard error in Mpc; (7) distance from the LG cen- 
troid, calculated as 

d lg = D 2 + A 2 - 2 ■ D ■ A ■ cos 9, 

where A = 0.44 Mpc is the distance of the Milky Way 
from the LG centroid, and 9 is the angle between the di- 
rection to the galaxy and that to M31; (8) radial velocity 
of the galaxy with respect to the LG centroid with the 
apex parameters V a =316 km/s, l a =93°, 6 a =-4° derived 
by Karachentsev & Makarov (1996); (9) the above- men- 
tioned angle 9; and (10) integrated absolute magnitude of 
the galaxy. The data of columns (2) - (5) are taken from 
NED, and the sources of data on distances are given in 
footnotes to the table. 

The all-sky distribution of the 38 galaxies listed in 
Table 2 is presented in equatorial coordinates in Figure 
3. The distribution looks rather inhomogeneous, showing 
concentration of the objects towards two opposite direc- 
tions: the CVn cloud and the loose Sculptor group, which 
confirms the location of the Local Group in a filament, 
extending from Canes Venatici to Sculptor (Tully, 1988). 
Another feature of the distribution is complete absence 
of galaxies in a wide area around the direction towards 
Orion (a =05 h 40 m , S = -3°). This empty region, occu- 
pying about a quarter of the entire sky, is indicated by 
the right-hand solid curve in Fig. 3. We nickname it as 
a Local Minivoid (LMV). Unlike the Local Void (Tully, 
1988), which has the center position about a — 18 38 m , S 
= +18°, an angular diameter ~ 60° and a depth of 1500 
km s -1 (Karachentseva et al. 1999), the LMV extends in 
depth to D ~ 5 Mpc. In the about 100 Mpc 3 , there is 
not a single known galaxy brighter than My = — ll m . An 
absence of galaxies in the direction of Orion may be par- 
tially due to extinction by the Milky Way. However, the 
presence of such a "perfect" empty volume can not be ex- 
plained by Galactic extinction alone, because some more 
distant dwarf galaxies ("Orion", A0554+07, UGC 3303, 
kk49) with radial velocities of Vlg — 400 km/s are seen 
behind the LMV (Karachentsev & Musella, 1996). Veloci- 
ties and distances of 34 galaxies from Table 2 with respect 
to the LG centroid are shown in Figure 4 with indication 
of their observational uncertainties. As was demonstrated 
by Sandage (1986, 1987), the deceleration of the cosmic 
expansion in the vicinity of the LG leads to a curvature of 
the Hubble relation, which intersects the line of Vlg = 
at a non-zero distance i?o from the LG centroid. The value 
of Rq characterizes the radius of the zero- velocity surface 



that separates the LG from the total cosmic expansion. 
In the case of spherical symmetry with the cosmologi- 
cal parameter A = the LG mass depends on R as 
M LG = (tt 2 /8G) • H 2 ■ Rl which yields for H a = 70 km 
s- 1 Mpc" 1 a mass M LG /M Q = 1.39 • 10 12 • {R /Mpc) 3 . 
In Fig. 4 the thick solid line shows the velocity-distance 
regression with two parameters, Ho — 73 km s _1 Mpc^ 1 
and Mlg = 1-26 • 10 12 Mq, derived as the least-square 
solution. The two thin solid lines correspond to the 95% 
confidence interval of the regression. 

As one can see from these data, the majority of nearby 
galaxies follow the Hubble relation very well. However, a 
group of 7 galaxies with Z?lg ~ 2.8 Mpc and Vlg ^270 
km s _1 departs appreciably from the relation as a whole. 
All these objects are situated on the front side of the Canes 
Venatici cloud and, apparently, move from us toward the 
cloud center at an additional velocity of about 85 km s _1 . 
Another galaxy, NGC 6789, has the radial velocity much 
lower than the expected velocity. This object is situated 
in front of the Local Void at a high Supergalactic latitude 
(+41.6°). The low velocity of NGC 6789 may be caused by 
the gravitational action of the Local Void, which imparts a 
peculiar velocity of ^80 km s -1 towards us on NGC 6789. 
Fitting the Hubble relation with its two dependent pa- 
rameters, Hq and Mlg, we omitted the seven probable 
members of the CVn cloud (indicated as asterisks) and 
also two galaxies, SDIG and NGC 247 (shown as trian- 
gles) due to their poorly determined distances. For the 
remaining 27 galaxies the least-squares method yields a 
radius of the zero-velocity surface of 0.94±0.10 Mpc. The 
mcan-root-square dispersion of radial velocities for field 
galaxies relative to the Hubble regression with the indi- 
cated parameters is a v = 34 km s _1 . A significant part 
of the scatter of galaxies in Fig. 4 is caused by the uncer- 
tainties of the measured distances, AD/D <~ 10%, while 
measurement errors of the radial velocities are relatively 
small, ~2%. Taking the errors of the observables into ac- 
count, the mean-root-square random velocity of nearby 
galaxies themselves is reduced to cr v = 29 km s _1 . 

To get a complete picture of the local velocity field, 
we also show in Fig. 4 the members of the Local Group, 
which arc indicated by open circles. Observational data 
on their distances and velocities are listed in Table 3, the 
columns of which contain: (1) galaxy name; (2) morpho- 
logical type, (3) measured distance and its standard error; 
(4) heliocentric velocity and its error; (5, 6) distance and 
radial velocity with respect to the LG centroid. The last 
two quantities are determined in the same manner as de- 
scribed above. The basic data are taken from the book of 
van den Bcrgh (2000) and also from Evans et al. (2000). 
Some of the other recent sources of distances are men- 
tioned in the table footnotes. 

Considering the structure and kinematics of two 
nearby groups around M81 (Karachentsev et al. 2002a) 
and Centaurus A (Karachentsev et al. 2002b), we noted a 
general similarity of these groups with the LG. The sys- 
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terns of companions around M81 and Cen A are character- 
ized by a mean projected linear radius of ^200 Kpc and 
a radial velocity dispersion of ~80 km s _1 each. For the 
companions of the Milky Way and M31, these quantities 
are of the same order. As a robust estimate of mass we 
used the relation 

M orb = (32/3tt) • G- 1 • (1 - 2e 2 /3)- 1 < R p ■ AV r 2 >, 

which is valid for arbitrarily-oriented Keplerian orbits 
with eccentricity e. Adopting e = 0.7 as the average eccen- 
tricity, we derived the following mass estimates: M(M81) 
= 1.6 • 1O 12 M , and M(CcnA) = 2.1 • 1O 12 M . For the 
galaxies M31 and Milky Way the mass estimates from or- 
bital motions of their companions are 1.0 • 10 12 Mq (M31) 
and 1.0 • 10 12 M Q (Milky Way). In the case of the Milky 
Way it was taken into account that we use the actual spa- 
tial distances to the companions, D, instead of projected 
distances, R p . It should also be noted that a significant 
contribution to the Milky Way mass estimate is made by 
only one remote companion, Phoenix, which has a high 
peculiar velocity (Gallart et al. 2001). One can assume 
that the orbit of Phoenix does not fit the Keplerian mo- 
tion because of its probable location in the "infall zone" 
(see Fig. 4). Then, removing Phoenix drops the Milky Way 
mass estimate to 0.5 • 10 12 Mq, which seems to us more 
appropriate. The derived orbital masses are quite close 
to more sophisticated estimates of masses of the Milky 
Way and M31 inside - 50 Kpc: M MW = 0.4 • 1O 12 M 
(Fich & Trcmainc, 1991), M MW = (0.5 ± 0.1) • 1O 12 M 
(Kochanek, 1996), M M3 i = O.8-1O 12 M (Evans & Wilkin- 
son, 2000), M M3 i = (O.8±O.1)-1O 12 M (Coteet al. 2000), 
and M M3 i = (0.7 1.0) • 1O 12 M (Evans et al. 2000). 
Therefore, the sum of orbital (virial) masses of both the 
LG subgroups, (1.2 1.5) • 1O 12 M , agrees within the er- 
rors with the total mass of the LG, (1.3 ± 0.3) • 1O 12 M , 
derived from the radius of the zero- velocity surface. The 
agreement of these mutually independent mass estimates 
corresponding to essentially different scale lengthes, ~ 50 
kpc and ~ 1 Mpc, tell us that the major part of mass in 
the LG is strongly concentrated towards its two biggest 
members. 

5. Concluding remarks 

The total view of the Local Group and its surroundings 
is presented in Figure 5 in the Cartesian Supergalactic 
coordinates. The upper panel shows the Local Complex 
of galaxies seen in the Supergalactic plane. The nearby 
galaxies are represented as "illuminated balls" , whose size 
is proportional to the galaxy luminosity. Spiral and irreg- 
ular galaxies are indicated as "dark balls", and elliptical 
and spheroidal ones are shown as "light balls" . The bot- 
tom panel presents the Local Complex from another point 
of view. The Canes Venatici cloud is situated on the right 
side, and the Sculptor group is located on the left side. The 
Local Minivoid occupies the bottom left corner, and the 



Local Void of Tully extends above the complex plane in 
the "+Z" -direction. Only one galaxy, NGC 6789, is highly 
raised above the rest of the objects. The morphological 
segregation is evident: the dEs and gas-deficient dSphs 
are tightly concentrated around the large spirals. 

Another manifestation of the morphological segrega- 
tion can be seen from the data of Figure 6, which presents 
the luminosity function (LF) of nearby galaxies. The up- 
per histogram shows the absolute magnitude distribution 
for 38 "field" galaxies from Table 2. The bottom one cor- 
responds to the combined LF of 96 galaxies in the LG, 
M81 group and CenA group. E and dSph galaxies on the 
histograms are shaded. Because the effective depth of both 
the samples is almost the same, we have the first oppor- 
tunity here to compare LFs of the field galaxies and the 
members of groups, avoiding strong bias effects. Compar- 
ison of the two histograms confirms the well known fact 
that in dense regions the LF has a steep shape (Binggcli 
et al. 1985, Ferguson & Sandage, 1990). However, this dif- 
ference seems to be true for the integrated LF only, when 
all morphological types of galaxies are combined. Thus, 
the median absolute magnitude of dSph+dE galaxies is 
approximately the same (~ —10^7) for the field galax- 
ies as well as for the members of the groups. The median 
absolute magnitudes of dlrr+S galaxies are also similar 
(~ — 14™0) for both the samples. Because the relative 
number of dSph + dE galaxies among the field objects 
is only 16%, and their fraction among the group mem- 
bers is 53%, the known effect of morphological segregation 
of galaxies leads to the observed difference in their LFs. 
Therefore, considering or ignoring gas-deficient dSphs may 
be the reason for a significant difference in LFs from one 
sample to another. For instance, the "blind" HIPASS sur- 
vey (Banks et al. 1999) is insensitive to dSph galaxies, 
which renders the luminosity function of the HIPASS sam- 
ple less steep than for optical surveys. 

One can assume that the LF of field galaxies is the "ini- 
tial" LF, being almost undistorted by interactions. In such 
a case the observed difference in LF for members of groups 
with respect to the field LF may be described as a result 
of two processes: a) formation of objects of high luminos- 
ity ("cannibals") due to merging of galaxies in groups, b) 
creation of new "tidal" dwarfs, say, via fragmentation of 
tidal bridges and tails (Due et al. 2000). 

As it has been emphasized by Governato et al (1997) 
and Klypin et al.(2002), the dispersion of random mo- 
tions of field galaxies and the centers of groups, a v , con- 
tains key information about the scenario of galaxy for- 
mation and the value of the average density of matter, 
fl m . Sandage et al. (1972) noted that the velocity disper- 
sion around the local Hubble flow is low (a v ~ 70 km 
s _1 ), which corresponds to fl m ~ 0.1. New observational 
data, based on much more accurate distance measure- 
ments, yield an essentially lower value of a v . Karachent- 
sev et al. (2002a) showed that the peculiar velocity of the 
centroid of the M81/NGC 2403 group does not exceed 
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35 km s 1 . According to Karachentsev et al. (2002a), pe- 
culiar radial velocities of the centroids of the CenA and 
the M83 groups are +18 ± 24 km s" 1 and -17 ± 27 km 
s _1 , respectively. From analysis of the local velocity field 
Karachentsev & Makarov (2001) found the value and the 
direction of the solar apex with respect to the Local Vol- 
ume galaxies with D < 7 Mpc: V a = (325 ± 11) km s _1 , 
la. = (95 ± 2)°, b a = (-4 ±1)°, where / and b are the galac- 
tic coordinates. Because the apex of solar motion with 
respect to the LG centroid is V a = 316 km s _1 , l a = 93°, 
and b a = —4°, the peculiar velocity of the LG centroid 
with respect to the whole Local Volume turns out to be 
only about 10 km s _1 . 

Therefore, we conclude that the centroids of all nearby 
well-studied groups have surprisingly low dispersion of pe- 
culiar velocities, which is a v ~ (20-^30) km s _1 . The same 
value is also characteristic of the field galaxies in the vicin- 
ity of the LG. Baryshev et al. (2001) suggested that the 
observed quiescence of the local Hubble flow is a signature 
of the cosmological vacuum-dominated universe where the 
velocity perturbations are adiabatically decreasing. 
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Table 2. Properties of very nearby galaxies at the Local Group boundaries and around the Local Group 
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SDIG Laustsen et al. (1977) 

NGC 55 Puche & Carignan (1988) 

KK 3 Karachentsev et al. (2000) 

Cetus Sarajedini et al. (2001) 

NGC 247 Puche & Carignan (1988), Tammann (1987) 

NGC 300 Freedman et al. (1992), Soffner et al. (1996) 

NGC 1569 Karachentsev et al. (1994), Waller (1991) 

UGCA 92 Karachentsev et al. (1994) 

Leo A Tolstoy et al. (1998) 

Antlia Aparicio et al. (1997), D = 1.57 ± 0.07 Mpc, Castellani et al.(2001) 

Sex A Sakai et al. (1996) 

NGC 4214 Maiz-Apellaniz et al.(2002), D = 2.67 ± .20, Drozdovsky et al.(2001a) 

GR 8 Dohm-Palmer et al. (1998) 

UGC 8638 Makarova et al. (1998) 

KK 230 Grcbel & Guhathakurta (2001) 

DDO 187 Aparicio et al. (2000) 

KKR 25 Karachentsev et al. (2001b);the heliocentric velocity of —135 km s _1 

is probably caused by the Local HI 

NGC 6789 Drozdovsky et al.(2001b) 

Tucana Oosterloo et al. (1996); the heliocentric velocity of 130 km s _1 

is probably caused by the Local HI 

WLM Dolphin (2000c) 
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Table 3. Distances and radial velocities of the LG members 
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Name 


Type 


D 


V h ±o 


D LG 


V LG 






Mpc 


km s _1 


Mpc 


km s _1 


IC 10 


10 


0.83 .05 


-344 5 


0.44 


-60 


NGC 147 


-3 


0.73 .05 


-193 3 


0.30 


85 


And III 


-3 


0.76 .04 


-355 10 


0.32 


-92 


NGC 185 


-3 


0.62 .03 


-202 7 


0.19 


73 


NGC 205 


-5 


0.82 .04 


-244 3 


0.38 


24 


M 32 


-5 


0.80 .04 


-205 3 


0.36 


61 


M 31 


3 


0.78 .04 


-301 1 


0.34 


-35 


And I 


-3 


0.81 .04 


-380 2 


0.37 


-120 


SMC 


10 


0.06 .01 


158 4 


0.47 


-22 


Sculptor 


-3 


0.08 .01 


110 1 


0.43 


96 


LGS 3 


-1: 


0.62 .02 


-286 4 


0.25 


-74 


IC 1613 


10 


0.73 .02 


-232 5 


0.48 


-89 


And V 


-3 


0.81 .05 


-403 4 


0.38 


-143 


And II 


-3 


0.53 .11 


-188 3 


0.12 


46 


M 33 


5 


0.81 .05 


-180 1 


0.40 


36 


Phoenix 


-1: 


0.44 .03 


-52 6 


0.61 


-145 


Fornax 


-3 


0.14 .01 


53 2 


0.44 


-33 


LMC 


9 


0.05 .005 


278 2 


0.47 


28 


Carina 


-3 


0.10 .005 


223 3 


0.50 


-53 


Leo I 


-3 


0.25 .03 


285 2 


0.59 


128 


Sex dSph 


-3 


0.086 .004 


226 1 


0.50 


8 


Leo II 


-3 


0.21 .01 


76 1 


0.56 


-18 


Ursa Min 


-3 


0.066 .003 


-247 1 


0.42 


-44 


Draco 


-3 


0.086 .009 


-293 1 


0.41 


-48 


Sgr dSph 


-3 


0.024 .002 


142 1 


0.45 


164 


NGC 6822 


10 


0.49 .04 


-57 2 


0.65 


63 


Cas dSph 


-3 


0.71 .04 


-307 2 


0.31 


-5 


Pegasus 


10 


0.76 .10 


-182 2 


0.45 


61 


Peg dSph 


-3 


0.78 .04 


-354 3 


0.40 


-93 


Milky Way 


4 


0.01 .002 


10 


0.44 


-16 


LGS 3: 


Miller et al. (2002) 








Phoenix: 


Gallart C, et al. (2001) 






Cas dSph: 


mistake 


in l,b— coordinates 







(Evans et al. 2000) is corrected 
IC1613: Dolphin et al. (2001) 
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Fig. 1. Digital Sky Survey images of 18 galaxies in the vicinity of the Local Group. The field size is 10', North is up 
and East is left. The HST WFPC2 footprints are superimposed. 

Fig. 2. Top: WFPC2 images of 18 galaxies: ESO 294-010, NGC 404, UGCA 105, Sex B, NGC 3109, UGC 6817, 
KDG 90, IC 3104, UGC 7577, UGC 8508, UGC 8651, KKH 86, UGC 9240, SagDIG, DDO 210, IC 5152, UGCA 438, 
and KKH 98 produced by combining the two 600s exposures obtained through the F606W and F814W filters. The 
arrows point to the North and the East. Middle: The color-magnitude diagrams from the WFPC2 data for the 18 
galaxies around the Local Group. Bottom: the Gaussian-smoothed /-band luminosity function restricted to red stars 
(top), and the output of an edge-detection filter applied to the luminosity function for the 18 very nearby galaxies 
studied here. 

Fig. 3. All-sky distribution of the 38 galaxies around the LG in equatorial coordinates. The Local Void (LV) of Tully 
(1988) and the Local Minivoid (LMV) arc outlined with solid lines. 

Fig. 4. Velocity- distance relation from the data in Table 2 (filled circles). Velocities and distances have been corrected 
to the centroid of the LG. The members of the LG from Table 3 are shown as open circles. Observational 1-a errors 
are indicated with bars. The thick solid line shows the velocity-distance regression with two parameters, H = 73 
km/s/Mpc and Mlg = 1-26 • 10 12 Mq, derived as the least-square solution. The two thin solid lines correspond to 
the 95% confidence interval of the regression. The dashed straight line is an asymptotic Hubble relation with Ho = 
73 km/s/Mpc. The seven probable members of the CVn cloud are shown as asterisks, and two galaxies, ScuDIG and 
NGC 247, with poorly determined distances are marked as triangles. 

Fig. 5. The total view of the Local Group and its vicinity in the Cartesian Supergalactic coordinates. The upper 
panel shows the Local complex of galaxies seen in the Supergalactic plane. The nearby galaxies are represented as 
" iluminated balls" , whose size is proportional to the galaxy luminosity. Spiral and irregular galaxies are indicated as 
dark balls, and elliptical and spheroidal ones are shown as light balls. The bottom panel presents the Local complex 
from another point of view. The Canes Venatici cloud is situated on the right side, and the Sculptor group is located 
on the left side. The Local Minivoid occupies the bottom left corner, and the Local Void of Tully extends above the 
complex plane in the "+Z" -direction. 

Fig. 6. The luminosity function of 38 nearby field galaxies from Table 2 (upper histogram) and 96 galaxies situated 
in the LG, the M81 group, and the CenA group. E and dSph galaxies are shaded. 
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